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Abstract We study the photothermal response of water
solution of 10-, 50-, and 100-nm gold nanoparticles as a
function of concentration under irradiation of a contin-
uous wave 6-W 445-nm diode laser. The method allows
determining concentrations as low 8 x 107" mg/ml,
which corresponds to the detection of a single nanopar-
ticle of 100- and 50-nm diameter or about 1000 nano-
particles of 10-nm diameter. The results demonstrate the
application for the study of the optical response of a
single nanoparticle in water suspension. We discuss the
potential applications of the finding for detection of low
concentration of biomolecules using a single
nanoparticle.
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Introduction

Metal colloids and particles dissolved in water and other
solvents have become a strong field of study for many
researchers due to its potential applications in
biophotonics and biomedicine (Pankhurst et al. 2003;
Khlebtsov et al. 2006; Penn et al. 2003; Salata 2004;
Sperling et al. 2008). Metallic nanoparticles present a
phenomenon called surface plasmon resonance (SPR),
in which free conduction electrons resonate collectively
with the electromagnetic radiation, resulting in absorp-
tion peaks as well as dispersion (Jiang et al. 2013). Some
studies have used nanoparticles with scientific and com-
mercial interest for a wide range of biomedical applica-
tions (Lin et al. 2012), in vitro molecular diagnosis
(Zhou et al. 2015), biologic and chemical detection
sensors (Dykman and Khlebtsov 2012; Saha et al.
2012), cancer photothermal therapies (Abadeer and
Murphy 2016; Huang and El-Sayed 2010; Kim and
Lee 2017), and biological and pharmaceutical uses
(Otsuka et al. 2012; Reddy et al. 2012; Zijlstra et al.
2012). Several authors have also used biosynthesized
silver nanoparticles (Ag NPs) and alumina oxide nano-
particles added to diesel/biodiesel compound, aiming at
analyzing its influences on combustion performance of
diesel motor engine to determine gaseous emissions
(Arockiasamy and Anand 2015; El-Seesy et al. 2018;
Nireeksha et al. 2017). Gold, silver, and iron oxide
nanoparticles generally show low toxicity, low cost,
high radiation absorption, and biocompatibility with
protein for applications in biomedical studies (Magro
et al. 2018; Niska et al. 2018). In particular, gold
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nanoparticles (Au NPs) have been the object of detailed
analysis given their potential as a sensitizing agent in
phototherapy thanks to their properties such as size,
composition, high coefficients of absorbance, synthesis,
and biocompatibility (Huang et al. 2007; Sperling et al.
2008). Au NPs act as photothermal agents for the cancer
therapy treatment, because they present effective local
heating after the excitation of the plasmon surface oscil-
lations (Hwang et al. 2014).

Various studies in different research areas have been
developed to determine the optical, electrical, and ther-
mal properties of gold nanoparticles in aqueous solu-
tions (Maceiczyk et al. 2017; Paulo et al. 2009;
Yorulmaz et al. 2015). Consequently, there is a demand
for sensitive techniques able to detect, identify, and
quantify the level of these individual particles (Crut
et al. 2014). Among these techniques, the laser dual-
beam mode-mismatched photothermal lens (PTL) spec-
troscopy stands out thanks to its high sensitivity.

The PTL effect occurs due to the radiation absor-
bance by the sample, which, consequently, triggers local
temperature changes and induces a variation in the
refraction index, which results in a local thermal lens.
The PTL effect accumulates due to a relatively slow
process of thermal diffusion. Atoms absorb photons
and convert their energy into heat for a period of 70™°
to 10772 5. Thermal diffusion removes this heat,
balancing back for about 1077 . Furthermore, one sin-
gle atom can store in the solvent molecules the energy of
10° to 10"” photons. For an individual NP, which con-
tains from 70° to 10° atoms, this factor is substantially
more significant. The NPs in water suspension release
fast the absorbed energy toward the surrounding water
molecules where heat accumulates thanks to the slow
thermal diffusion of the water solvent.

Shahriari et al. (2016) used the PTL technique to
investigate the thermal diffusivity by using polyvinyl-
pyrrolidone solution samples with gold nanoparticles
for different concentration rates. Eastman et al. (2004)
and Paulo et al. (2009) studied heat transport through
diluted suspensions of solid particles given the variation
of thermal conductivity. Various studies have been de-
veloped by using PTL techniques to measure optical
absorbance and colloid characterization with metal
nanoparticles (Bialkowski and Mandelis 1996;
Brusnichkin et al. 2007; Hleb and Lapotko 2008).

Marcano et al. (2001) proposed an optimized config-
uration of the mode-mismatched PTL method, which
uses a collimated probe beam and a focused pump
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beam. The experiment allows detection of absorption
as low as 10°% em™! for liquids (Marcano et al. 2002,
2003). Brusnichkin et al. (2007) studied the detection of
Au NPs with a photothermal lens technique. Hlaing
et al. (2016) used the optimized mode-mismatched
PTL technique to determine the absorption and scatter-
ing of light by silver nanoparticles. In the present work,
we use an optimized pump-probe mode-mismatched
PTL spectrometer aimed at detection of individual NPs
in suspension. We demonstrate detection of a single NP
of 50- and /00-nm diameter dispersed in water using a
6-W 445-nm diode laser as a pump light source. The
technique allows determination of the absorption cross-
section of a single individual NP in interaction with the
solvent molecules. We also report the detection in a
water suspension of record low numbers of NPs of
smaller diameter. The finding has potential applications
to develop a highly sensitive method of detection of
biomolecules conjugated with a single Au NP. The
technique allows an intrinsically non-destructive analy-
sis of microvolumes of the sample.

Theoretical considerations

Absorption measurement by using photothermal lens
technique

In an optimized mode-mismatched PTL experiment, a
lens focuses the pump laser onto the sample generating a
rise in local temperature and variation in refraction
index, yielding the PTL. Figure 1 presents an optimized
mode-mismatched photothermal lens set-up. We consid-
er that the pump and the probe radiations are Gaussian
with Raleigh ranges z,. and z,p,, waist positions z. and
2, respectively. The probe beam is collimated, resulting
in a large Rayleigh range (z,, » Zoe). The configuration
optimizes the PTL experiment by providing the maxi-
mal sensitivity and simplifying the alignment procedure,
the data interpretation, and the spectrophotometer
calibration.

The PTL triggers changes in the wavefront of the
probe beam. We define the PTL signal as the relative
change of the probe transmittance through a small slit
located at the far field. This way we account for the
magnitude on distortions of the probe beam diffraction
profile.

We use the model developed by Shen et al. (1992)
based on the Fresnel’s diffraction approximation which
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Fig. 1 Diagram of optimized
mode-mismatched photothermal

lens technique with Au NPs
colloids

Probe beam
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presents a description of a mode-mismatched experi-
ment (Marcano et al. 2014; Shen et al. 1995; Shen
et al. 1994). The model takes into account that the
PTL signal phase modifies the probe beam wavefront,
inducing variations in its diffraction pattern at the far
field. We use the thin-lens approximation given the fact
that the breadth of radiation beams does not vary signif-
icantly within the cuvette’s width. We also consider the
probe and pump beams to be Gaussian (Shen et al. 1994;
Whinnery 1974; Marcano et al. 2002). The pump and
probe beam have waist positions at z, and z,, and Raleigh
ranges z,. and z,,,, respectively. The sample is at position
z. We scan the sample around the focal point of the
pump field to generate the Z-scan. The pump and probe
beam radii are, respectively

N2
wel2) = woe\ | 1 + (Zz:;) (1)
wp(2) = wopy | 1 +% (2)

where wye = v/ AeZoe /7 is the pump beam waist radius
and ), is the pump beam wavelength, w,, = \/Ap2op/T
is the probe beam waist radius, and A, is the probe beam
wavelength. The volume defined by the pump beam
within the sample can be calculated using Eq. (1) and
performing the integration over the pathlength L of the
cuvette. Considering z, = 0, we obtain

LZ
0o — L- oe')\e' 1 a0 3
o= b1 57 e

The radiation absorption inside the sample generates
a temperature change, which is a function of the sample

« > > 7

L

position (z), the transversal coordinate (»), and time (7).
The resolution of the Laplace’s equation on heat diffu-
sion provides the solution as (Shen et al. 1994;
Whinnery 1974)

AT(z,t,1)

h2 2
P, /(4211 (2) e"p( 207 [we(2) )
C 4nk! x

dx  (4)

where 7.(z) = w(z)*/4D is the thermal lens build-up time,
D =klpC, is the thermal diffusivity coefficient, p is the
sample’s density, C, is the specific heat, « is the thermal
conductivity, and P, is the pump beam power. The
variations caused in the refraction index come from the
rise in the sample’s temperature, which produces chang-
es in the wavefront of the propagation beam. The ther-
mal distribution generates a variation in probe beam
phase, calculated in the thin lens approximation as
(Marcano et al. 2002):

1/(1+2¢/t(2)) 1-exp(—2xm(2)r)
! 2x

where the phase amplitude is @y = P Lo (dn/dT)/(k),),
« is the sample’s optical absorption coefficient, L.z=[1
—exp(—al))/a corresponds to the sample’s effective
width, dn/dT is the refraction index variation with tem-
perature, and m(z) = wp(z)z/we(z)2 is the mode-matching
parameter.

The phase variation @ (z, ¢, ) impacts the probe
beam propagation. Behind the sample’s cuvette, the
probe beam propagates until the slit position. The
Fresnel diffraction approximation provides the
beam’s field at the detection plane (Shen et al.
1995; Marcano et al. 2002). This approximation
allows the calculation of the magnitude of the

®(z,t,1) = Oof dx (5)
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probe beam field E(z,1) at the center of the detector
as (Shen et al. 1994; Shen et al. 1992).

E(z,t) = [yexp[~(1 + iV(2))r—i®(z, 1, r)]dr (6)

Eo(z,t) = [;exp[-(1 + iV (2))r]dr (7)

where E, is the probe field’s magnitude in the absence of
the pump field, i = /-1,

_ T Zop (z)*]; .
Viz) = W (E) [1 + Zo,)’; ]15 the Fresnel dif-
fraction parameter, and d is the position of the detection
plane.

We define the PTL signal S(z,#) as

(1E(z 0/~ (1Eo(z, 0))*

S(z,t) =
. 1Bz, 0))?

Materials and methods
Determination of the number of Au NPs particles

We study spherical Au NPs of different diameters:
10 nm, 50 nm, and 100 nm. NanoComposix provided
the original samples at a standard concentration of
0.05 mg/ml and 99.99% purity. Column 1 of Table 1
shows the diameter and their standard deviation as de-
scribed by the provider. We estimate the mass of one
single NP of a given dimension considering the particle
a perfect sphere (see column 2 in Table 1). Column 3 of
Table 1 shows the estimated values for the cross-section
of absorption of a single nanoparticle. For this estima-
tion, we use the Mie calculator provided at the
NanoComposix website (https://nanocomposix.

Table 1 Characteristics of spherical gold nanoparticles of differ-
ent diameters

Absorption
coefficient of a

Diameter Mass of a Absorption
(nm) single cross-section at

nanoparticle 445 nm (nmz) single NP (em™)
(mg)
12+1 (1.317?4.4) 40+ 10 (29+0.7)x 1077
52«5 (1.411017]02.4) 3500 £ 1000 (2.6£0.9)x107°
103+10 (1.}0191.3) 16,500 2500  (1.2£02)x 107"
10°
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com/pages/mie-theory-calculator). We use the
absorption cross-section values to estimate the absorp-
tion coefficient due to the presence of one single NP
within the volume illuminated by the pump light (v,)
using the equation

a=0/v, 9)

where o is the absorption cross-section. For calculation
of'v,, we consider a 0.1-cm pathlength and a pump beam
Rayleigh range of z,. = 0.3 cm. These parameters are
close to the conditions of the experiment discussed
below. The absorption coefficient for pure water at
445 nm is 5 10~ em ™’ (Cruz et al. 2009). The effective
absorption of one single Au NP of 70 nm is well below
this value. However, the absorption for 50 and /00 nm is
comparable to water absorption. Thus, it becomes fea-
sible to detect a single nanoparticle of diameter larger
than 50 nm.

We reduce the sample concentration by adding dis-
tilled water to the original samples using a precision
pipette. We use eq. (3) to estimate the volume v,, as
seen in Fig. 1. Hence, we determine the mass of the Au
NPs (Amyy) contained in this volume. Thus, the num-
ber of nanoparticles detected is

AmAU

N = (10)

mau

Detection of Au NPs in aqueous solutions

We prepare eight solution samples in different culture
tubes. We add 0.5 ml of deionized distilled water, to
0.5 ml of the sample with an initial concentration of
0.05 mg/ml of Au NPs. Following this step, 0.5 m/ from
this solution was taken and added to the second sample,
thus reducing its initial concentration rates in half. After
that, we perform the same procedure repeatedly along
with the next samples aiming at obtaining the lowest
nanoparticle concentration levels in each test tube. We
conducted measurements using 0.1-cm, 1-cm, and 5-cm
wide quartz cuvettes. Figure 2 shows the optimized
photothermal lens experimental apparatus used for
obtaining the PTL signal, which is similar to the one
developed by Marcano et al. (2014). This device con-
sists of a diode laser modulated at / Hz using a signal
generator (Gwlnstek, GFG-3015). At this low frequen-
cy, the signal reaches its stationary value. The beam
splitter (B;) redirects a share of excitation radiation
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Generator
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towards the reference signal detector (Ref), which is
connected to the digital oscilloscope (OSC) also used
for the acquisition of the PTL signal. The mirror M,
redirects the pump beam towards the sample, and a /5-
cm focal-length lens (L) focuses the light onto it. Be-
hind the sample, we use an interference filter F to block
the pump beam. A continuous wave CW of /-mW He-
Ne laser at 632 nm generates the probe beam. A tele-
scope (Col) collimates this light resulting in a parallel
beam of 3 mm diameter. Using a beam splitter (B,), we
redirect the probe beam toward the sample collinearly
with the pump beam. The PTL distorts the probe beam
wavefront. Behind the sample, a mirror (M>) sends the
probe beam to a small slit (A) centered at the probe
beam axis. A defocusing lens (L,) defocuses this light
making the effective radius of the aperture negligible.
Behind the aperture, the probe light reaches the diode
photodetector (Sig) (Thorlabs, DET 110) which mea-
sures the probe beam transmission yielding the PTL
signal. A current preamplifier (Stanford Research Sys-
tems SR 570) amplifies the signal before sending it to a
digital oscilloscope (Tektronix TDS3052) for
processing.

The set-up allows performing Z-scan experiments by
scanning the sample around the waist of the pump field.
In the mode-mismatched configuration, the Z-scan
curve is single peaked with a maximum at the focal

Fig. 2 Experimental configuration of high-sensitivity optimized mode-mismatched PTL spectrometer

point of the pump beam. The Z-scan experiments deter-
mine the position of the maximal PTL signal. By fitting
the Z-scan results with the theoretical model described
above, we obtain the value of the PTL phase shift
amplitude ,, and the Rayleigh range z, of the pump
beam. We estimate the absorption values using the phase
shift values. The Rayleigh range value yields the vol-
ume v, (see Eq. 3).

Results and analysis
Z-scan on Au NPs samples

Figure 3a shows results obtained for Z-scan signals for
each Au NPs colloid by using the procedure described
by Hlaing et al. (2016). In this figure, one can observe
the PTL signal regarding the sample position (Z-scan) of
Au NPs with /0-nm, 50-nm, and 100-nm diameters
contained in a /-cm wide cuvette. We use /0 mW of
532-nm radiation from a DPSS laser. The signal gener-
ator modulates this light at / Hz. The Z-scan experiment
provides the position where the sample achieves its
maximum absorbance, depicting one single peak at the
pump beam waist whose magnitude is proportional to
the sample absorption. The solid lines correspond to
theoretical fittings of the experimental Z-scan curves
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Fig. 3 a PTL Z-scan of the /0-nm, 50-nm, and 100-nm original
solutions measured using /0 mW from a 532-nm DPSS laser. The
solid lines are theoretical fittings calculated using eqgs. 6 through 9
and the parameters \, = 632 nm, A\, = 532 nm, z,= 0.16 cm, z,, =

1000 cm, D= 14107 em’ s !, ,=—0.27,— 0.204, and — 0.16

calculated using egs. 6 through 9. In this calculation, we
use the parameters: A, = 632 nm, A , = 532 nm, z,,, =

1000 cm, zpe= 0.16 cm, t= 0.55,2,= z,= 0,d= 50cm,
and D=1.4 1077 cm’ 5!, which corresponds to the
water diffusivity value. The fitting gives the values of
the induced phase shift ,: — 0.27, — 0.2, and — 0.16 for
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Sample position (cm)
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for the 10-nm, 50-nm, and 100-nm samples, respectively. b PTL Z-
scan of the /0-nm sample measured using 36 mW from a 445-nm
diode laser. The solid line is a theoretical fitting calculated using
eqs. 6 through 9 and the parameters \, = 632 nm, A, = 445 nm,
20=0.3 cm, z,= 1000 cm, D= 1.4 10 > cn’ s ', ,=—0.18

the 10-, 50-, and 100-nm diameter Au NPs, respectively.
Considering the values for water k=6
107 Wem™ ' °K™ dn/dt= 1.1 10"* °K ' and the length
of the cuvette L = 1 ¢m, we estimate absorptions values
of 0.093, 0.068, and 0.055 cm™ ' for 10-, 50-, and 100-
nm diameter Au NP samples, respectively. The values

1.04
z
-:‘= 0.54
£
~ 0.04
“ 0.5
-1.0 r \
0 2 4
Time (s)

(b)

Fig. 4 a PTL signal versus time for /-yl of 10-nm 6.2 x 10> mg/ml Au NPs colloid. b Same signal after subtraction of water contribution
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Fig.5 PTL signal versus concentration and number of NPs for the
10-nm diameter Au NPs sample using 220 mW of 445 nm radiation
and a 1-cm pathlength cuvette. The zero point represents the PTL
signal for pure water

agree well with the prediction for the absorption of the
Mie model. The reduction of the absorption for larger
NPs is due to the presence of scattering (Hlaing et al.
2016). For 100-nm Au NPs, more than 60% of the
incoming light is scattered reducing the power available
for heating. The scattering is negligible for 10-nm Au
NPs. Figure 3b shows similar results obtained for /0-nm

Number of Particles

3() 5 10 15 20
- 50-nm Au NPs ®
= ®
=
= 5 ¢
£ 0 ?
<
= ¢
- :
e 1
7 e ©
- $ @
= o
0 . .
0.0 5.0E-6 1.0E-5

Concentration (mg/ml)

(2)

Fig. 6 a PTL signal versus concentration and number of particles
for 50-nm Au NPs solution using 1-mm pathlength cuvette. The
zero point represents the PTL signal for pure water. b PTL signal

Au NPs using 36 mW of 445-nm blue diode laser radi-
ation as pump light. The solid line corresponds to a
theoretical fitting using eqgs. 6 through 9 and parameters
Ap =032 nm, X\ .= 445 nm, z,= 1000 cm ze = 0.3 cm,
d=100 cm, ,=—0.185, D=14 107 cm’ s~', and
t= 0.5 s. For this excitation wavelength, we estimate an
absorption of 0.018 cm™ !, which is smaller than the
plasmonic near peak absorption at 532 nm. We com-
pensate the smaller absorption by using larger power
from the 445-nm laser, so the magnitudes of the PTL
signal are comparable to those obtained when using
10 mW of 532-nm pump light.

On the other hand, the background absorption of
water at 445 nm is much smaller than its value at
532 nm. Thus, it is advantageous to use excitation in
the blue region where water produces minimal losses.
Below, we conduct the experiments using excitation at
445 nm reducing the background water contribution
substantially.

Properties of the nanoparticle can be affected when
using high energy light pulses. When irradiating with
nanosecond high energy pulses with fluence levels
above the NP damage threshold, NP melting and gener-
ation of microbubbles have been reported (Hleb and
Lapotko 2008). When using CW excitation as in this
work, the effective energy fluence is well below the
damage threshold. The AU NPs release the absorbed

Number of Particles

. + 8 12
z 100-nm Au NPs 3
= 38?
£ o
< ] @‘I’
E ! t '
Y
= | ¢
= 0_%

0.0 4.0E-7 8.0E-7
Concentration (mg/ml)

(b)

versus concentration and number of NPs for /00-nm Au NPs
solutions using a /-cm pathlength cuvette
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Table 2 Parameters of gold nanoparticle solutions for different diameters (optical parameters for 445 nm)

NP diameter Concentration Cell width NPs massin NPs concentration v, (cm’) NPs mass in v, Number of NPs
(nm) (mg/ml) (cm) 1wl (mg/ml) (mg) detected

10 0.39x10° 1 039x10°¢ 260x10° 7.046x10° 1.83x10 "2 130

10 0.78x 107 0.78x10°¢ 7.80x10°* 3.523x10% 3.01x107'2 200

50 1.95x107* 0.1 195x107  130x10°® 7.046%x107° 0.92x 107" 1

50 9.76 x 107 9.76x10°%  325x10° 7.046x107° 2.29x 107" 2

50 0.39x107 0.1 039x10° 1.62x10° 1.172x10°° 1.90x 1072 1

100 0.78 x 1073 0.78x10°%  2.60x1077 7.046x107° 1.83x 107! 2

100 1.95x10* 1 195x107  6.50x10°° 7.046x107° 4.58x 1012 1

100 9.76 x 107> 1 9.76x10°%  325x10°% 7.046x107° 229 x 10712 1

electromagnetic energy in a time scale of few picosec-
onds. The energy accumulates in the surrounding water
molecules where local changes in the temperature are
estimated as well below one degree thanks to the larger
volume of the solvent involved, the limited amount of
energy absorbed, and the thermal properties of water.
We have established that the PTL response of the sam-
ples depends linearly on the power levels used in the
experiments in agreement with the prediction that the
photothermal properties of the samples are not affected.

Removing the water contribution

For small concentrations of NPs, the contribution from
pure water becomes significant. However, we estimate
the signal corresponding to the NPs by simple subtrac-
tion of the water contribution. Figure 4a shows the
maximal PTL signal versus time for water and the 10-
nm diameter Au NP sample at a concentration of 6.2 X
107 mg/ml generated by a 20-mW (445 nm) pump
beam. For comparison, we add the modulated at / Hz
pump beam time dependence. Despite the small con-
centration, the Au NP sample gives a measurable signal.
Figure 4b shows the signal from the Au NPs after
removing the water contribution by subtraction of both
curves in Fig. 4a. From this plot, we estimate a signal-to-
noise ratio of 20.

Detecting a single Au NP

Figure 5 shows the maximal PTL signal versus the
concentration rate for the /0-nm diameter Au NPs sam-
ple generated by 220 mW by using the /-cm pathlength
cuvette after the cancelation of the water contribution.
On the top scale, we show the corresponding number of

@ Springer

nanoparticles. We estimate the volume defined by the
pump beam within the sample (v,) using Eq. 3 and the
Rayleigh range value of the pump determined by the Z-
scan experiment shown in Fig. 3b (z,. = 0.3 cm).

We use a minimal concentration of 2.6 10”7 mg/ml
which corresponds to having around /000 NPs in the
volume v,. The number of particles corresponds well to
the estimation of the absorption of a single NP absorp-
tion shown in Table 1.

Figure 6a shows the PTL signal as a function of
concentration and number of particles (top scale) for
the 50-nm Au NPs sample. We use 280 mW of the
445-nm radiation and a 0./-cm pathlength quartz
cuvette. To generate the data, we add 1 ul of a dilute
solution of a concentration of 1.95 10~* mg/ml to
0.24 ml of water. The procedure enabled the detec-
tion of a single Au NP. Furthermore, the experiment
showed two distinct behaviors in the curve. Initially,
when adding / p/ of nanoparticle solution to the
water, it was revealed a visible non-linear rise in
concentration with PTL signal, which is possibly
caused by the increase in NP concentration, by oc-
curring density saturation in an aqueous environ-
ment. Right above 4.0 % 10°° mg/ml, it is noted
linearity, once the “thermal lens” is proportional to
the NP concentration in the sample and the thermal-
optical properties of the environment.

According to Shahriari et al. (2016), the increase in
concentration and in gold nanoparticle size presented a
non-linear growth in thermal diffusivity, due to the
phenomena of phonon dispersion between liquid-
particle interfaces. Moreover, when particle concentra-
tion rises, the optical absorption intensity becomes more
significant, as well as the thermal diffusivity in an aque-
ous environment.
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Figure 6b illustrates the results for the /00-nm Au NP
sample. We use 280 mW of the 445-nm radiation and /-
cm pathlength cuvette, and an initial concentration of
1.95x 10™* mg/ml. The PTL signal raises as we add
additional 1-pl drops of the solution. The non-linear
behavior presents a smaller quantity of experimental
points relative to the 50-nm Au NPs case. The effect
probably happens given the size proportions of the
nanoparticle, which can better absorb or disperse radia-
tion. The results confirm the detection of a single Au NP.

Table 2 displays the parameters of different PTL
experiments using the pump beam at a wavelength of
445 nm. The table provides the Au NPs diameters used,
the initial concentration for each experiment, the cuvette
width, the total volume of distilled deionized water used,
the mass of NPs contained in / ml of the original
concentration, the excitation volume v,, the mass of
the NPs in the volume v,, the amount of Au NPs mass
in the volume v,,, and the number of NPs derived from
the eq. 10. The sensitivity in optimized mode-
mismatched thermal lens technique shows a distinct
NPs AU dependence detected according to the pump
beam’s volume, which crosses through the sample. The
10-nm diameter nanoparticles presented higher amounts
of NP detected, due to its smaller diameter. For 50-nm
and 100-nm diameter nanoparticles, we report the de-
tection of one individual Au NP.

Conclusion

We confirm that the optimized mode-mismatched
photothermal lens spectrometry can we detect up to a
single Au NP of a diameter larger than 50 nm in water
suspension. We demonstrate this sensitivity by using
several hundreds of mW of 445-nm diode laser radia-
tion. At this wavelength, water exhibits minimal absorp-
tion. However, the experiments can be performed using
the most common DPSS laser at 532 nm, for which the
light absorption by water is larger but still small enough
to obtain a similar result. We calibrate the spectrometer
by performing Z-scan experiments, which determine the
magnitude of the absorption and the Rayleigh parame-
ters of the beams.
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